Abstract In many countries around the world impacts of climate change are assessed and adaptation options identified. We describe an approach for a qualitative and quantitative assessment of adaptation options to respond to climate change in the Netherlands. The study introduces an inventory and ranking of adaptation options based on stakeholder analysis and expert judgement, and presents some estimates of incremental costs and benefits. The qualitative assessment focuses on ranking and prioritisation of adaptation options. Options are selected and identified and discussed by stakeholders on the basis of a sectoral approach, and assessed with respect to their importance, urgency and other characteristics by experts. The preliminary quantitative assessment identifies incremental costs and benefits of adaptation options. Priority ranking based on a weighted sum of criteria reveals that in the Netherlands integrated nature and water management and risk based policies rank high, followed by policies aiming at 'climate proof' housing and infrastructure.
Introduction
Adaptation to climate change has received increased attention in the scientific and policy debate, and is seen as complementary to mitigation (UNFCCC 1997; McCarthy et al. 2001) . Adaptation can be defined as: "adjustment in ecological, social or economic systems in response to actual or expected climatic stimuli and their effects or impacts" (Smit et al. 1999 ). The related concept of 'adaptive capacity' refers to the 'potential or ability of a system, region, or community to adapt to the effects or impacts of climate change' (Smit et al. 2001; Smit and Pilifosova 2003) , mostly interpreted to reflect only adjustments to moderate potential damages, not to extreme scenarios. The report 'Impacts, adaptation and vulnerability' of the Intergovernmental Panel on Climate Change (IPCC) defines adaptive capacity as: "the ability of a system to adjust to climate change (including climate variability and extremes), to moderate potential damages, to take advantage of opportunities, or to cope with the consequences" (IPCC 2007) . The Stern Review states that: "adaptation will be crucial in reducing vulnerability to climate change and is the only way to cope with the impacts that are inevitable over the next few decades" (Stern 2006) . Anticipatory adaptation is seen as an essential part of the optimal response to climate change, as it is likely much less expensive than relying on reactive adaptation only (Fankhauser et al. 1999) . Climate change represents a complex, strategic risk, and thus robust adaptation options are required that will provide benefits under various future climate scenarios (Willows and Connell 2003) .
Adaptation assessments are developed and conducted with the aim to identify and evaluate adaptation options. They serve as input for national adaptation strategies, or focus on specific sectors, such as the water (Rosenzweig et al. 2007 ) and health (Ebi and Burton 2008) sector. In many countries around the world the impacts of climate change are assessed and adaptation options identified. For example, Canada (Lemmen et al. 2008 ), Finland (MMM 2005 and the United Kingdom (DEFRA 2006) have conducted national adaptation assessments or developed national strategies to adapt to climate change. The Adaptation Policy Frameworks for Climate Change (UNDP 2005) and the National Programmes of Action are programmes which provide a guideline for developing countries to identify priority activities that respond to their urgent and immediate needs with regard to adaptation to climate change (UNFCCC 2007) . Füssel (2007) , in a review of general assessment approaches related to adaptation planning, points out that adaptation assessments are relevant in different contexts, both in climate impact and vulnerability assessments and for adaptation planning and policy-making (Burton et al. 2002; Füssel and Klein 2006) . Tol et al. (2008) states that "adaptation assessment must consider the full context in which adaptation takes place, including the factors that determine the capacity of the country or system to adapt". By involving local stakeholders and experts in the development of a national adaptation strategy the gap between the top-down and bottom-up approaches to adaptation can be bridged, thereby providing the national government the ability to reach optimal policy decisions about adaptation when considering the allocation of scare resources.
For the Netherlands the possible consequences of climate change have been documented in various reports, including the Environmental Balance (RIVM 2004) , the Climate Policy report commissioned by the Parliament (Rooijers et al. 2004) and the Climate reports of the Royal Netherlands Meteorological Institute (KNMI 2003 (KNMI , 2006 . Most studies agree on the fact that climate change will take place, in spite of all mitigation efforts. Thus, mitigation alone is not sufficient to offset climate change in the Netherlands. The Ministry of Housing, Spatial Planning and the Environment initiated a programme, the 'Routeplanner project', to develop a national adaptation strategy for the Netherlands. To prepare this strategy the national research programme on climate change and spatial planning commissioned a study on adaptation options (Van Ierland et al. 2007) .
The challenge for the Netherlands-as well as for other countries-is to harmonize a national adaptation policy with its spatial planning policy. The focus will be on developing more robust systems including technical solutions and improved control and risk management systems, and combine this with improved spatial planning. To make the Netherlands 'climate proof', a wide set of policy instruments can be used, ranging from financial instruments (e.g. taxes, subsidies or insurance arrangements) or command and control instruments (e.g. spatial planning or technology requirements) to institutional approaches (e.g. institutional reform, or education and communication). Systematic assessment of options that are technically, economically, and politically feasible could enable policymakers to make well-informed choices about different adaptation options.
The main aim of this paper is to outline the approach that was used in the qualitative and quantitative assessment and the ranking system of identified potential adaptation options to respond to climate change in the Netherlands in connection to spatial planning. We also report on the preliminary results of the study and discuss the strengths and weaknesses of the approach.
The assessment started with the selection of a climate change scenario relevant for the Netherlands for the period up to 2050, based on the scenarios of the Royal Meteorological Institute (KNMI 2003 (KNMI , 2006 . The study has the character of a "what if" setting where it is assumed that the selected scenario of the KNMI represents the characteristics of climate change for average temperature change, rainfall patterns and sea level rise for the Netherlands. Based on this starting point the assessment includes the following aspects: (1) identification of adaptation options in the Netherlands, based on literature study and consultation of stakeholders; (2) a qualitative assessment of the characteristics of the options; (3) definition of criteria used to make a ranking of the options, based on expert judgements; (4) determining the scores of the options on the various criteria; (5) determining the weights to be used in the Multi-Criteria Analysis for the ranking of the options and (6) the actual ranking and an interpretation of the results.
In addition we looked into the institutional complexities of implementing the various adaptation options, in order to be informed about the complexities that we would face when introducing adaption options in the various sectors of society. The institutional complexity was not integrated in the Multi-Criteria Analysis because we consider the issue of institutional complexity substantially different from the questions of what adaptation options would be important to consider. By combining information on the highly ranking options and their institutional complexity it becomes possible to develop an adaptation strategy that deals with the priority options and that can focus on solving the institutional barriers that may show up in the implementation.
We also identified the available information on the order of magnitude of the costs and benefits related to the introduction of adaptation options, in order to sketch the relative size of costs and benefits. However, we observed that for many options only limited information on costs and benefits was available and therefore a complete cost-benefit analysis was not possible. We made a start with compiling a database on the available costs and benefits. In more elaborated studies more complete costbenefit analysis can be made on the most relevant adaptation options, and this process is currently ongoing in the Netherlands. The paper is explicitly restricted to adaptation options in the Netherlands, but with adjustment to local conditions, this approach is relevant to other countries as well.
This paper is structured as follows. Section 2 presents the methods used to identify and assess the adaptation options including the ranking of the options based on their qualitative characteristics. Section 3 deals with the results of the assessment. Section 4 presents the discussion and conclusion.
Method
There are many approaches to arrive at a priority setting for alternative policy options. Metroeconomica (2004) identifies a full range of decision-support tools for option appraisal and regards cost-benefit analysis as a key decision support tool (Metroeconomica 2004) . Willows and Connell (2003) discuss how to deal with the issue of uncertainty associated with decisions in a climate change context. Through Multi-Criteria Analysis (MCA) a ranking of alternative options can be derived. Janssen and van Herwijnen (2006) provide a toolbox for multicriteria decisionmaking. The evaluation steps of the toolbox contain a clear problem definition, which includes the identification of all alternatives, selection of a set of criteria and assessment of scores. Then the scores are standardized and the weight of each criteria is determined. For the MCA method 'weighted summation' the weights represent the trade-offs between the criteria. Through sensitivity analysis uncertainties in scores and weights can be further analysed (Janssen and van Herwijnen 2006) . MCA has been used to assess climate change policy; focused on adaptation and mitigation options (e.g. Ebi and Burton 2008; Gough and Shackley 2006; Brouwer and van Ek 2004; Bell et al. 2001) .
Based on a thorough analysis of the most suitable criteria that decision makers can adopt in their decision making, a multi-level MCA is carried out to categorize and rank promising and feasible adaptation options. The MCA was based on expert judgement, because the definition of the weights to be used in the analysis requires The system that we developed for the MCA is interactive and can be used by individual policymakers or individuals or categories of stakeholders to express their views on the scores and on the weights to be used and this allows for alternative rankings that then can be discussed. In this manner the system can clarify the issues at stake and contribute to a thorough understanding of the adaptation options and the various perspectives of stakeholders in society.
Our assessment focuses on the ranking of the adaptation options under one of the scenarios of the Royal Netherlands Meteorological Institute (KNMI 2003 (KNMI , 2006 . The characteristics of the scenario are given in Table 1 , we focused on the central estimate.
As the assessment was done in close consultation with stakeholders we have focused on a deterministic setting in which it was assumed that the changes would indeed occur according to the central scenario. In this manner we obtained a ranking of adaptation options that would be relevant under the sketched scenario.
Identification and categorisation of adaptation options
The adaptation options have been selected and identified on the basis of literature review and stakeholder consultation in a sectoral approach, in order to obtain the best inventory for the various sectors of the economy (see details reported in Van Ierland et al. 2007) . Sectors included in the study are: agriculture, forestry, fisheries, water, energy and infrastructure. Some information is included on health, recreation and transport. Sector-specific literature on climate change and related adaptation options has been reviewed. As far as necessary and possible, this information was verified and augmented with expert knowledge from various disciplines, through individual consultations with experts, both within and outside the research team and through workshops where sectoral options were discussed in detail with stakeholders. We constructed a database to summarize the identified adaptation options and the associated effects, and to make an inventory of the institutional aspects related to their implementation. The interconnections between the adaptation options were also identified, including overlap, synergy and competition. For instance changes in water management may have important implications for nature, agriculture, recreation and safety. While there are undeniable gaps in this inventory, it does reflect the state of the art knowledge and can hence be used as a guide in policy preparation and for future research.
Criteria for scoring adaptation options
The adaptation options have been given scores with respect to the following criteria: (i) the importance of the option in terms of the expected gross benefits that can be obtained, (ii) the urgency of the option, reflecting the need to act soon and not later (iii) the no-regret characteristics of the option (it is good to implement, irrespective of climate change) (iv) the co-benefits to other sectors and domains and (v) the effect on climate change mitigation (for instance through changes in landuse that reduce emissions of greenhouse gases as a side effect). In defining the criteria we aimed at selecting them as such that they are complete (all relevant criteria have been included), operational (each option can be judged against each criterion), mutually independent (options are independent of each other from one criterion to the next), contain no double counting and are consistent with effects occurring over time (Dodgson et al. 2000; Keeney and Raiffa 1976) .
2 However, not all criteria are completely mutually exclusive, the no-regret and co-benefit criteria are closely related to each other. 3 The scoring is based on subjective expert judgement and has been discussed in a workshop with external experts to validate the scores. We have invited experts with a broad overview of the problem of adaptation to make the ranking because the adaptation options cover many different aspects and sectors of society, and the ranking requires the capability to compare the various options across these sectors. Specialized stakeholders representing a specific sector would be less able to make this comparison across sectors, but of course they were valuable in identifying adaptation options relevant to their sector.
The importance (i.e. effectiveness in avoiding damages) of an option reflects the level of necessity to implement the option in order to avoid negative impacts. These options can reduce major damages related to climate change. In principle they generate substantial gross benefits (avoided damages), though potentially at high costs.
The urgency of the option relates to the need of implementing the adaptation option immediately or whether it is possible to defer action to a later point in time. Investments with a long lead time, or investments that have a long life time and conservation of the current situation require early action, and therefore potentially a long delay before implementing the option will make it redundant, much more costly or even impossible. Note that a high score on urgency does not necessarily imply that the option deserves a very high final ranking. It indicates that postponing action may result in higher costs or irreversible damage.
In assessing the economic characteristics of various adaptation options a distinction is made between no-regret options and options with co-benefits. No-regret options are the adaptation options for which non-climate related benefits, such as improved air quality, will exceed the costs of implementation; hence they will be beneficial irrespective of future climate change taking place. The United Kingdom Climate Impacts Programme (Willows and Connell 2003) has defined no-regret adaptation options (or measures) as: "options (or measures) that would be justified under all plausible future scenarios, including the absence of human-induced climate change". A no-regret option could be one that is worthwhile (in that it would yield economic and environmental benefits which exceed its cost), and will continue to be worthwhile, irrespective of any benefits of avoided climate damages. Options that score high on the criterion co-benefit are specifically designed to reduce climatechange related vulnerability while also producing corollary benefits that are not related to climate change (Abramovitz et al. 2002) . Co-benefits thus concern external effects which have a positive impact on policy goals unrelated to climate change policy (Metroeconomica 2004) .
Finally, the options are scored according to their effect on mitigation. Certain adaptation options will also induce a reduction of greenhouse gas emissions, and thus score very high on mitigation effect (i.e. are strengthening mitigation policies), while other adaptation options actually increase greenhouse gas emissions. Scores were attached for each of the options and for each of the criteria, ranging from 1-5, indicating very low priority (1) to very high priority (5).
In order to inform policymakers on the feasibility of the adaptation options, a separate sub-project focused on assessing their feasibility in the phase of implementation. The feasibility has been scored based on the technical, societal and institutional complexity that accompany the implementation of the proposed measures. Technical complexity refers to the technical difficulties and challenges which accompany the realization of the adaptation option, such as the technical facilities that have to be realized or mobilized; the technological uncertainties which accompany the implementation; the uniqueness of the operation and its risks. Social complexity involves the diversity of values which are at stake when the option will be implemented, the changes which are necessary in the perceptions of stakeholders, the necessity of their cooperation, etc. This complexity expresses itself in: the number of parties which have a stake at the option (or its effects); the diversity in normative views of the concerned parties; the degree to which the option is controversial and generates resistance; and the necessity to generate consensus and frame convergence. As the institutional complexity of implementing an adaptation grows, there are more adjustments of the official, bureaucratic organizations, existing procedures and arrangements necessary, more cooperation between institutional separated domains and thus resulting in a bigger tension with existing practices and structures. Elements of institutional complexity are: clashes between institutional rules (for example because different departments use different sets of rules or make different demands on procedures and process arrangements which can be used in implementation trajectories); the organizational consequences of the option; the cooperative relations or associations which are necessary for the implementation; and the degree of renewal of the option in relation to existing arrangements. Scores were attached from 1-5, ranging from very low (1) to very high (5) complexities.
Ranking adaptation options
The ranking of the adaptation options is done using Multi-Criteria Analysis (MCA), a common tool in decision analysis when there are multiple objectives. MCA uses the judgements of decision makers or experts or stakeholders on the importance of the various criteria to make rankings of the options according to the weights attached to the various criteria. Our method is basically interactive: each individual, group of individuals or decision maker or group of decision makers (or experts) can express the relevant weights to be used and then the ranking will be updated.
In this paper we report on a ranking based on criteria weighting. The ranking is based on weighted summation of the scores on the different criteria (Greening and Bernow 2004; Dodgson et al. 2000; Munda et al. 1994) , where for the results reported in this paper, the scores and the weights are based on expert judgment in order to be able to compare across various sectors in society. In criteria weighting, weights are given to each criterion that are supposed to reflect the preferences of the decision makers and the weighted sum of the different criteria is used to rank the options. The main problem is choosing the appropriate weights. A possible candidate is equal weights; this mirrors an unweighted summation of the scores. Another relevant weighting is to give higher weights to importance and urgency, thereby indicating that these are essential criteria. Our system allows for a wide variety of weights to be applied in an interactive manner in order to study the ranking under a wide variety of weights. By setting the weights of certain criteria to zero it is also possible to focus on a limited number of criteria.
Although we are convinced that the adopted ordering and weights in this paper bear empirical relevance, which was confirmed by an expert workshop of September 1st 2006 with key stakeholders and scientific experts, we do not claim that these are 'objective' or can be considered final, but rather they represent a suitable starting point for further discussions and analysis. These discussions are ongoing and will continue until the national strategy for climate adaptation in the Netherlands will be presented in 2009.
Inventory of the incremental costs and benefits
A preliminary inventory has been made of the incremental costs and benefits of adaptation options, in order to assess the order of magnitude of these in support of decision making on adaptation and to identify the knowledge gaps in this respect. For each option, the cost and benefit items are first described qualitatively and second for some options monetary estimate ranges are presented in quantitative terms (Euros). The costs and benefits of the adaptation options are computed in preparation for a Social Cost-Benefit Analysis (SCBA), an evaluation method based on welfare economics. 4 The objective of a SCBA is to have insight in all costs and benefits for society as a whole, including external social and environmental costs and benefits. The Net Present Value of the costs of adaptation options has been calculated using a discount rate of 4%, as suggested in the guidelines of the Dutch government for SCBA.
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Results
In the first step of our assessment (the literature survey and the stakeholder workshops) 96 adaptation options have been identified and described which reduce the vulnerability of the Netherlands to the effects of climate change. As the options have been taken from the literature or have been suggested by a wide range of stakeholders, they include a wide variety of policy measures, technological solutions and adjustments in behaviour (see Table 6 in "Appendix" for a complete overview of the identified options). We consider this an inevitable aspect of the stakeholder approach where many different perspectives are represented, and it seems to be inherent to the adaptation issue.
Scoring and ranking of the adaptation options
The identified adaptation options were scored on their different characteristics: importance, urgency, no-regret characteristics, co-benefits for other domains, and mitigation effect by experts directly involved in the identification of the options and through an expert workshop in which experts with broad experience on adaptation participated. The ranking of the options is made using criteria weighting. The ranking on feasibility (technical, societal and institutional complexity) was done in a separate 4 A social cost-benefit analysis allows for the estimation of the net benefits of a project not only on the basis of the direct costs and benefits of such projects but also by considering the indirect or external effects in order to be able to assess the total welfare effects of public projects. 5 Note that since the assessment of the options for this project, the official discount rate to be used in SCBA has been changed to 2.5%. A lower discount rate would result in a higher discounted stream of future costs and benefits.
sub-project by experts in public administration and policy planning, in order to provide additional information in this respect. 
Ranking based on evaluation criteria
The ranking is based on a weighted summation of the scores on the criteria (i) importance (weight 40%), (ii) urgency (weight 20%), (iii) no-regret characteristics (weight 15%), (iv) co-benefits (weight 15%) and (v) mitigation effect (weight 10%).
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From the ranking, the following adaptation options have the highest priority (see Table 2 ):
• Integrated nature and water management (nr. 34);
• Integrated coastal zone management (nr. 35);
• More space for water: a. regional water system, b. improving river capacity (nr. 40); • Risk based allocation policy (nr. 41);
• Risk management as basic strategy (nr. 65).
• New institutional alliances (nr. 68) These options will emerge among the highest ranked almost regardless of the way the criteria are ordered, as their score is high on all criteria. Changing the order of the criteria will only affect options that score better on some criteria than on others. For instance, Water storage on farmland (nr. 07) scores very high on no-regret and high on urgency and co-benefits, but only medium on importance and mitigation effect. Therefore, when importance has a relatively high weight, this option has a relatively low ranking, whereas it ranks just below the top when no-regret characteristics are prioritised. It will always be below the top options mentioned above, however.
There are some options that score (very) low on all criteria and therefore rank very low (See Table 6 in "Appendix"). These options are:
• Subsoil drainage of peatlands (nr. 08);
• Reclamation of (part of) southern North Sea (nr. 52);
• Abandoning of the whole of low-lying Netherlands (nr. 53);
• Self sufficiency in production of roughage (nr. 06).
These options have very different characteristics but are either relatively far-fetched or unnecessary or very costly (for instance abandoning low-lying Netherlands!), or not directly related to adaptation to climate change.
Ranking according to feasibility criteria
For the ranking according to the feasibility of the adaptation options, the following criteria weighting is used for technical complexity (20%), societal complexity (40%) 6 In principle it is possible to include feasibility directly in the list of criteria, but we considered the feasibility issues as too distinct from the criteria on importance, urgency, no regret, co-benefits and mitigation effect, and we preferred a separate listing. The ranking system however allows full integration of the feasibility criteria in ranking by weighted summation for those that prefer an integrated MCA. 7 This ordering is in line with the expert judgement as expressed in the expert workshop of September 1 st 2006, although at an individual level some discrepancies exist. Note: high scores indicate high priority to implement the option. Weighted sum of scores for other options are given in Table 6 in "Appendix"
and institutional complexity (40%). Table 3 presents the highest ranked adaptation options according to their feasibility; note that a high score reflects a high level of complexity, and hence a low level of feasibility. Some adaptation options are technically relatively easy to implement. However, that does not say anything about the social and institutional complexity that their implementation brings about. These forms of complexity are much more difficult to handle. Implementing the adaptation options therefore requires a careful scan of the social and institutional environment in which they have to take place.
The feasibility analysis shows that many important and significant adaptation options encounter huge institutional complexities. This underlines that new, flexible and timely institutional arrangements are necessary to make an effective and smooth implementation of adaptation options possible.
There seems to be a weak relation between the feasibility of adaptation options and their ranking (in Section 3.1.1/ Table 2 ). 8 We see that the top 4 options on priority show feasibility scores between 4.2 and 4.4 indicating a relatively high level of complexity. The next options on the priority list show complexity in the range of 2.6-4.2, which indicates intermediate complexities. There are numerous counterexamples: some very important and urgent options (like educational programs (38) and some more technical options) are relatively well feasible and generate little social and institutional complexity compared to some less important and urgent options (abandoning of low-lying Netherlands (53), relocation of farms (13), reclamation of (part of) southern North Sea (52)) that are very complex to implement. So, in every case a specific analysis is necessary regarding the complexity conditions for implementation.
Inventory of the incremental costs and benefits of adaptation options
Ideally a Social Cost-Benefit Analysis (SCBA) should be performed for each of the options. It has, however, been difficult to acquire detailed information on the costs and benefits related to the identified adaptation options. Much of the information that is needed for a proper SCBA of the adaptation options is not yet available; information is especially missing on the indirect and external economic and environmental effects of the options. Therefore only preliminary and incomplete estimates are presented. Detailed additional research about the economic and environmental effects is needed in order to improve the rough estimates presented in this paper and to allow a proper quantitative assessment of adaptation priorities. Table 4 presents an indication of the costs and benefits of adaptation options, as far as available. The overview shows that several prioritised adaptation policies will cost many billions of Euros in terms of net present value over the period from 2006 to 2050. Furthermore, within the field of spatial planning billions of Euros will have to be invested to reserve space, possibly to construct additional dikes in low lying parts of the country and make infrastructure climate proof. Additionally within the private sector, investments are important to prepare the Dutch economy for the envisaged climatic changes. These investments need to fit within the ongoing investment Improving river capacity Note: high scores indicate high complexity to implement the option, i.e. low feasibility. Weighted sum of scores on complexity for other options are given in Table 6 in "Appendix" trajectories of the different economic sectors and the costs will differ considerably between the different sectors. Also the costs and benefits depend on location, specific circumstances and the exact phasing of the measures, which require detailed SCBA in order to prioritise adaptation options for these locations. Unfortunately, several options that are prioritised in the qualitative assessment cannot yet be evaluated quantitatively, and hence these are missing from Table 4 . This implies that Table 4 cannot be used as a priority list of adaptation options, nor can the costs be aggregated over the options to gain insight in the total costs of adaptation policy for the coming decades. For these analyses, more information is required. Adaptation options involving relatively high costs are typically those for maintaining safety against flooding, but it is not easy to assess which part of the costs are required for maintenance of the existing safety standards and which part of the costs are explicitly related to changes induced by climate change. Many factors are interacting in determining sea level and river discharge and the exact role of climate change is difficult to determine, also because soil subsidence occurs in some parts of the Netherlands.
Another category involving high costs is the adaptation of housing and buildings in order to cope with higher temperatures. This will involve several tens of billions of Euros in net present value terms for the coming decades (until 2050). For the ecological network additional costs would be involved if an expansion of the network would be required to cope with the impacts of climate change.
Discussion and conclusion
In this study, an inventory was made of adaptation options for the Netherlands. The inventory was sector based, but the options can also be classified in several other ways. It turned out that the costs and benefits of the adaptation options can be estimated with reasonable accuracy for only a limited number of options. For the majority of the options knowledge gaps exist, data are missing or their reliability is insufficient. This means that based on our current knowledge it is impossible to evaluate the costs and benefits of the various policy alternatives and adaptation options that we presented. If we intend to use the database on adaptation options for selection of effectiveness and determination of costs, additional research is required to improve and expand the information that it contains so far. As the costs and benefits depend on location, specific circumstances and the exact phasing of the measures, detailed studies in so-called hotspot areas are indispensable. It also requires an analysis of the administrative and policy context at the level appropriate for specific adaptation options, on a local, regional, national and international level, and/ or at the level of the ecosystems under study.
The strength of the MCA approach is that it provides a ranking of options that can be used in further discussions and decisions on the adaptation strategy in the Netherlands. The method is useful in communication with the stakeholders and in raising awareness about the challenges of adaptation and the various options to do so. A set of top priority options could be identified based on expert judgement and at relatively low research costs. A weakness of the approach is that it does not yet provide a full social cost-benefit analysis of the options we have identified. We suggest to further develop the database on adaptation options and to continue with obtaining better data on costs of the options and where possible the monetary estimates of the benefits. This, however, cannot be done at a general level but would require specific studies at specific hotspots. These have now been defined and research in this direction is currently ongoing in the National Research Programme on Climate Change and Spatial Planning (Climate Change and Spatial Planning 2008) .
From the analysis we observe the following. Several of these options relate to water management, especially for inland and coastal areas and the nature and agriculture sector. It is necessary to carefully check whether the current institutions (for instance the waterboards or the local authorities) can handle the challenges posed by climatic change and whether they are suited to implement the identified adaptation options. Improved coping capability of institutions can be achieved through the cooperation of institutions and stakeholders in new alliances (for instance through restructuring of the institutions responsible for protection against flooding) or through embedding adaptation policies systematically into existing institutions. Problems may, however, arise when the urgency of the local and regional institutions differ from the national level. It is thus important that the national institutions have a coordinating role in the area of spatial planning, and management of water and nature.
Adaptation options dealing with security (including water management) require much attention. It is necessary to improve evacuation plans and evacuation routes and also additional dikes can be constructed in vulnerable regions in order to reduce damages. Public utilities are important, because security risks occur if electricity generation will be hampered due to a possible shortage of cooling water in periods with high temperatures and low precipitation. Moreover it is important that overhead electricity transmission poles and high-tension cables are sufficiently strong and able to resist extreme weather events. Water management needs to be adapted in order to secure safe and sufficient drinking water. For public health, heat stress is an important risk. To reduce these risks, it is important to improve air conditioning in hospitals and nursing homes and to improve provision of good information. Attention should also be paid to preventing negative effects of toxic algae and an increase of disease (like Lyme disease).
Adaptation of traffic infrastructure is necessary to reduce the number of climate related disturbances. Possibilities are measures to reduce inundation of tunnels, facilities to deal with problems related to low river water levels, or measures to reduce disturbances of public transport due to extreme weather events. Also important are adaptations in the agricultural sector, forestry and fisheries. This concerns adaptation of production systems, changes in crop and variety choice, improvements in water management, (e.g. irrigation) and risk spreading for example, by developing new insurances and improving ecosystem management in the fisheries sector. The industry sector, especially the risk prone industries (e.g. refineries, petrochemical or chemical industry), should consider changes in temperature, precipitation and weather extremes in order to avoid calamities.
In the long run, the spatial planning of the Netherlands as well as plans to build in flood prone areas should be reconsidered. In new construction and city plans it is essential to use natural cooling, to prevent so-called 'heat islands' and to provide enough green areas so that cities remain pleasant, also when temperatures are high, without the need to use air conditioning. This requires a more climate oriented design of houses and offices.
For ecology, strengthening the National Ecological Network and integrated water management remain important. Improved harmonization and coordination between different policy making and executing institutions is needed especially in areas where fine tuning between the central government, the provinces, and other stakeholders is a prerequisite for successful implementation, e.g. in the domain of water management. It is important to strengthen existing initiatives and develop new alliances, as well as making a clear division and coordination of the different tasks. Communication and consciousnessraising is important to prepare the Dutch society to climate change. Finally, it is very important to create transparency on the responsibilities and tasks of the various authorities and stakeholders, and to make clear what the role of the various authorities, producers, consumers and other stakeholders are in dealing with the impacts of climate change. 
